Mon. Not. R. Astron. Soc. 000, [TH9] (2011) Printed 19 December 2011 (MN style file v2. 2) 



The environment of Weak Emission-Line Quasars 



M. Nikolajuki'2* and R. Walter^* 

^ISDC Data Centre for Astrophysics, Chemin d'Ecogia 16, CH-1290 Versoix, Switzerland 
^Faculty of Physics, University of Bialystok, Lipowa 41, PL-15424 Bialystok, Poland 



Accepted 2011 November 16; in original form 2011 July 26 



ABSTRACT 



The nature of weak emission-line quasars (WLQs) is probed by comparing the 
Baldwin effect (BEff) in WLQs and normal quasars (QSOs). We selected 81 high- 
redshift (z > 2.2) and 2 intermediate-redshift (z = 1.66 and 1.89) WLQs. Their rest- 
frame equivalent widths (EWs) of the C IV emission-line and their Eddington ratio 
were obtained fro m the Sloan Digital Sky Survey Data Release 7 (SDSS DR7) Quasar 
Catalogue or from iDiamond-Stanic et al.l . We compare the parameters of WLQs with 
these of 81 normal quasars from Bright Quasar Survey (BQS) and 155 radio-quiet 
and radio-intermediate quasars detected by SDSS and Chandra. The influence of the 
Eddington ratio, iBoi/^Edd, and the X-ray to optical luminosity ratio, aox, on the 
BEff is analysed. We find that WLQs follow a different relationship on the EW(C IV)- 
Lboi/ L^dd plane than normal quasars. This relationship disagrees with the super- 
Eddington hypothesis. The weakness/absence of emission- lines in WLQs does not 
seem to be caused by their extremely soft ionizing continuum but by low covering 
factor (Q/Att) of their broad line region (BLR). Comparing emission-line intensities 
indicates that the ratios of high-ionization line and low-ionization line regions (i.e. 
f^HiL/f^LiL) are lower in WLQs than in normal QSOs. The covering factor of the 
regions producing C IV and Lya emission-lines are similar in both WLQs and QSOs. 
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1 INTRODUCTION 

A negative correlation between the broad emission-line 
equivalent width (EW) and the lumin osity in a c tive g alac- 
tic nuclei (AGNs) was discovered by iBaldwinI ()l977 ) for 
the C IV A1549 hne. Similar correlations (the Baldwin 
effect, hereafter BEff) are also observed for other lines 
such as LyaA1216, Si IV+0 IV A1400, He II A1640,4686, 
C III] A1909, Mg II A2800, Fe lines in the UV and op- 
tical bands, and the Balmer li nes produced in the broad 
line region (BLR) (see ag. 'Kinney. Rivolo fc Kora tkaJ 



more, an 



X-ray BEff in t he ir on K lines was detected 

by llwasawa fc Taniguchil (Il993|) and analysed by e.g. 
I Jiang. Wang fc Wand (|2006l ): iBianchi et al.l (|2007l ). 
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2001 



Zamorani et al.lll992j:[G rccn. Forstcr & Kuraszkic wic: 



Kuraszkiewicz et al.|[2ob2l : IShang et al.H2003l ). This ef- 
fect was also observed in single objects (e.g. NGC 5548, 
NGC4151), when the intrinsic ioni z ing continuum is varying 
jKinnev. R ivolo fc Koratkar"l990': 'Poggo fc PetersonI [1992 : 
iGilbert fc Peterson 2003: Kong ct al. 200(j). At least some of 
the emission-lines pr oduced in the narrow lin e region display 
a BEff as well (e.g. Boroson fc GreenI 19921: Dietrich et al.l 
I2OO2I : iKeremediiev. Hao fc CharmandarisI l2009l ). Further- 



Several physical explanations have been proposed to ex- 
plain the BEff. The most supported hypothesis is that the 
more luminous objects have softer UV /X-ray spectra reduc- 
ing ionization and photoelectric heating in the BLR gas. Ipso 
facto the equivalent widths (EWs) of emission-lines are re- 
duced at higher luminosity wit h the strongest effect for high- 
ioniz atio n lines (HIL s) (see iKorista. Baldwin fc Ferlandl 
Il998l and lShieldsll2007l for a review of the B Eff). Fundamen- 
tal param eters such as th e Eddington ratio feaskin fc Laoij 
2004; W arner. Hamann fc Dietrich 2004; Bachcv ct al. 200l; 
Zhou fc mng||2005l: IXu'et al.ll2008l: iDong et al.l 120091). the 
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black hole mass (iNetzer. Laor fc Gondhalekailll99i1shieldsl 
[2003), or metalicity (|Warner. Hamann fc DietrichI |2004| ) 
have also been suggested as the driver of the BEff. 

The discovery of weak emission-line quasars (WLQs) 
i.e. sources with abnorm ally low broad emission-lines (e.g. 
EW(Lya)wLQ < 15.4 A. iDiamond-Stanic et"alll2009l ) pro- 
vides new constraints on the driving mechanism of the BEff. 
The first WLQ object - P G 1407-H265 (w i th red shift z 
= 0.94) was discovered by iMcDowell etail (|l995l ). How- 
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ever, up to 2009 only about 20 WLQs were known. They 
mostly lie at high-redshifts (z > 2.2), like SDSS J153259.96- 
003944.1 (jFan et al.l 1 19991 . the first high-z WLQ, with 
z = 4.62) an d were found in the S loan Digital Sky Sur- 
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CoUinge et al . 2005; Fan et al.l!2 006: Schnei der et all 
Shemmer et al.l 120091 '). iDiamond-Stanic et al.l (|2009l ') 



recently discovered 65 new high-z WLQs, which may sug- 
gest that there is a deficit o f weak line quasars below z 
< 2. However, IPlotkin etlol (|2010al lbl') pointed out that 
more intermediate- and low-redshift WLQ may also exist. 

There is no generally accepted explanations for the 
weakness or even absence of emis sion-lines in WLQ. Sey - 
eral hypothesis were suggested by iMcDowell et al.l (|l995h . 
Relativistic beaming in WLQ is not favoured as weak line 
quasars, in contrast to BL Lacs, are radio-quiet objecti{3, 
show no variability or strong polarization. Moreover, the ra- 
dio spectral slopes, connecting A ~6 cm with ~20 cm, are 
significantly steeper in radio-de tected WLQs than the typi- 



cal slopes for BL Lac, q,. ~ 0.3 ('Shcmmcr ct al j2006l . [20091 : 
iDiamond-Stanic et al.]|2009l : iPlotkin ct al...2010al l. The idea, 
that WLQs could be broad absorption line (BAL) quasars 
also meet difficulties. Generally, they do not show broad 
absorption features and are clasiffied as non -BAL objects 
(jPiamond-Stanic et al1l2009l : IShen et al.ll201lh . 

Two leading hypothesis to explain the weakness of 
emission-lines in WLQ have been suggested: 

(1) The first one is related to the BEff. Weak emission- 
lines may be a consequence of a very soft ionizing continuum 
and of a relative deficiency of high-energy UV/X-ray pho- 
tons 0. iLeighlx^er^al] (|2007al ). based on observation of PHL 
1811, have claimed that its very soft spectral energy distri- 
bution (SED) (the photon index ctox = 2.3±0.1)E|is related 
to its super-Eddington nature (the estimated I/Boi/iEdd lie 
in the range 0.9-1.6). However, it is worth noting that, the 
observed UV/optical part of t he continuum in WLQs looks 
like these of normal quasars. [Richards et al.l (|2003l ) have 
analysed the spectra of 4576 SDSS quasars and they found 
that the spectral indices, ai, (where oc i'""), lie in a 
wide range, with mean values from —0.25 to —0.76 (see 
their composites no. 1-4). The spectral indices in WLQs also 
span the same interval with a median values of a,^ = —0.52 
(jDiamond-Stanic et al.l l2009l : IPlotkin et al] bOlOal ). Those 
values means that, generally, the observed UV SED in WLQ 
is not particularly soft. However, these objects may still emit 
more vigorously in the unobserved far-UV band. Recently 



^ The radio-loudness parameter R is defined as the ratio of the 
rest-frame 6 cm to 2500 A flux densities (see jjiang et alj|2007l : 
Shen ct al. '20n|). Among 70 radio detected WLQs analysed by 
Diamoiid-Stanic et al ] l|200gt l there is 81% of sources with R ^ 25 



and only 7% of radio-loud WLQs i.e. with R > 100. 
^ "the very soft ionizing continuum" means that a continuum in 
the far-UV (FUV) band is characterized by a steep spectrum. 
We use the X-ray to optical luminosity ratio, ctoxfsee definition 
below). For typical quasar Oox is equal to —1.50 jLaor et al^l997^ 
and for the most lu minous quasars w ith redshift 1.5-4.5 the mean 
Qox equals to -1.80 jjust et al.ll2007l ). We adopt Oox < —2.0 as a 
definition of a very soft spectrum. 

3 Qox = 0. 3838 lo g[L^ ( 2keV) /L^ (2500 A)] (e.g . 
Avni &: TananbaumI 1 19821: IStrateva et~al] l2005l : 



et al.l (|201ll ) found a small population of X-ray weak 
quasars, suggesting that these PHL 1811 analogs possess the 
shielding gas with large covering factor. This gas absorbs al- 
most all soft X-ray continuum to prevent illumination of 
broad line region (BLR) by this radiation. As a result weak 
emission-lines are produced although a face-on observer see 
the normal X-ray continuum. 

(2) The second hypothesis suggests that WLQs are nor- 
mal quasars with typical metallicities, ionizing continua, 
and ionization parameters, however, with an underdevel- 
oped BLR perhaps because of a fr eshly launched accretion 
disc wind (|Hrvniewicz et al1l2010l ). The weakness/absence 
of emission-lines in this case is caused by a low BLR cov- 
ering factor or a defi cit of line-emitting gas in the BLR 
(jShemmer et al.ll201(]l l. 

In this paper we analyse both hypothesis: softness of 
ionizing continuum and underdevelopment of BLR. In sec- 
tion[2]we describe the sample of quasars that was used. Sec- 
tion [3] is devoted to the comparison of the observed proper- 
ties of WLQ and QSO that we discuss in section|4l The con- 
clusions are presented in section [5l We assume that Hq = 70 
km s"^ Mpc"\ = 0.3, and = 0.7. 



2 THE WLQ SAMPLE 

The sample of WLQs consists of 81 high-redshift (z > 2.2) 

^Boi = 46.5 - 47.9) 



sources classified bv Anderson et al. 


(12001): CoUinee et al.l 


(l2005h: Schneider et al.l (2007 


): Shemmer et al. 


( 


2009|); 


iDiamond-Stanic et al.l (j2009ll: 


Plotkin et all (2010a 


), ex- 



Gibson. Brandt fc Schneidej|20ol) . 



tended by two quasars SDSS J094533.98+100950.1 (here- 
after SDSS J094534) and SDSS J170108.89-f 395443.0 (here- 
after SDSS J170109). Both sources lie at intermediate- 
redshift distances with z of 1.66 and 1.89, respectively. 

A spectrum of SDSS J 094534 was analysed extensively 
bv lHrvniewicz et al.l (|2010h . The second source (see its spec- 
trum in Fig. [T]) was retrieved serendipitously b y us in the 
SDSS Data Release 7 (DR7) quasar catalogue (|Shen et al.l 
l201lD . We classified it as WLQ because (1) the equiva- 
lent widths of the C IV and Mg II measured at the rest 
frame are smafi (i.e. EW(C IV) ^ 2. 09 ± 1.83A, EW(Mg 
II) = 9.41 ± 2.03A, IShen et al.ll201ll ). (2) this quasar is 
radio-intermediate as a dozen W LQ sources (rest-frame 
/6cm//2500 = 45.3. ISheu eraLll201ll '). (3) the UV continuum 
of SDSS J170109 can be fit as a power law (/^ oc with 
a spectral index = —0.23 ± O.ojfl identical within error s 
to that of the quasar composite from lRichards et al.l (|2003h . 
This value also differs from the mean spectral index calcu- 
lated for BL Lac cand idates for which we have (a^) = —1.15 
(|Plotkin et al.ll2010al '). 

All sources were detected by the Sloan Digital Sky Sur- 
vey. In our analysis we are using the equivalent widths, EW, 
of emission-lines measured in the rest-frame, fluxes of those 
lines, masses of the supermasive black holes, Mbh, accretion 
rates in the Eddington units, I/Boi/iEdd, and the spectral 
indices, Qox. Almost all but Qqx values, were f ound in the 
SDSS DR7 quasar catalogue (|Shen et ahibOllT ). IShen et al.l 
(|201ll ) point out that estimated EW(C IV) are encumbered 



* This value is equivalent to ax = —1.77 where fx oc A™-^ . 
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Figure 1. The rest-frame spectrum of SDSS 
J170108. 8 9+395443.0 binned and corre c ted fo r Galactic redden- 
ing using ICardelli. Clayton fc Mathij lll989l) relationship. For 
comparison, [Richards et al. 1 1 I2OO3I) composite spectrum (no. 1) is 
shown. 

with large error when the signal-to- noise ratio (S/N) of the 
observed WLQ spectrum is lower than 5 (see their figure 8). 
Therefore, in these ca s es we use EW values estimated by 
IPiamond-Stanic et al.l l|2009l l which for all sources but two 
have EW(C IV) > 5a. In other cases we use upper lim- 
its taken from the quasar catalogue or calculate them (see 
Tabl e [2l). The spect r al indices, Qox, of WLQs were taken 
from IShemmer et"aLl (|2006l . 120091 ') . All those values originate 
from the Chandra observations. Additionally, w e checked the 
Chan dra Multiwavelength Project Catalogue (|Green et al.l 
|2009| '1. We cross-correlated this catalogue with SDSS DR7. 
No new WLQs but SDSS J170109 were found. Its Oox is 
equal to —1.29. 



3 COMPARISON OF WLQS WITH NORMAL 
QUASARS 

Our aim is to compare the Baldwin effect observed in weak 
emission-line quasars to that observed in normal Type 1 
quasars. Fig. [2] displays the EW of the C IV emission-line 
against the dimensionless accretion rates for different types 
of quasars. This figure includes 81 quasars from the Bright 
Quasar Survey (BQS) with redshifts z < 0.5 and bolometric 
values l og Lboi = 44.2 — 46.9 a nalyzed bv lBoroson fc GreenI 
(|l992h . iBaskin fc Laoil (|2004l ) estimated their EW(C IV) 
and I/Boi/iEdd, respectively. Dashed line represents th e 
best linear fit to their data (|Baskin fc Laoij |2004| . l2005h . 
The triangles show 76 WLQs for w hich the EW and the 
accretion ratios were calcul ated by [Sh en et al.l (j201lh or 
iDiamond-Stanic et al.l (|2009h . We must notice here that in 
both Baskin fc Laor's and Shen et al.'s papers the methods 



to estimate I/Boi/iEdd are similar. Both calculated the bolo- 
metric luminosity using relationship LboI = BCa x I/A,cont, 
where LA,cont is the continuum luminosity measured at 
wavelength A and BCa is the appropriate bolometric cor- 
rection factor. Both methods estimate the Eddington lumi- 
nosity, I/Edd oc Mbh using the scalling method in order to 
calculate the black hole mass in AGN i.e. Mbh oc I/A.cont 
FWHM^(ion). In this equation FWHM stands for the FuU 
Width at Half Maximum of ion which produces the emission- 
line. BQS quasars and high-z WLQs lie at different dis- 
tances, therefore, Baskin fc Laor and Shen et al. used obser- 
vations of different em ission-lines and contin uum luminosi- 
ties to calculate Mbh. iBaskin fc LaoJ (|2004h used FWHM 
of H/3 line, I/A,cont measured at 5100 A in th e rest-fram e 
of quasar and b — 0.50 (see equation (3) in iLaoil [l998l l . 
The authors used H/3 emission- line to estimate I/Boi/iEdd 
because m any scientists suggest non vir i alize character of 
C IV (e.g. iRisaliti Young fc Elvis! I2OO9I : iFine et all |201GI : 
[Richards et al.ll201lf l. How ever, high-z WLQ s have redshifts 
higher than 2.2. Therefore. Ishen et all (|2011l ) used C IV line 
and continuum luminosity o bserved at 1350A. They u s ed the 
relationship determined by IVestergaard fc PetersonI (|2006l l 
between Mbh, FWH M, and LA.cont for which b = 0.53. 
IBaskin fc Laoj (|2004h found an anti-correlation between 
EW(C IV) and LBoi/^Edd. However, if one calculate Ed- 
dington ratios based on C IV emission-lines this relationship 
is much weaker than t he correlation with th e I/Boi/iEdd es- 
timated based on H/3 (|Baskin fc Laoij|2005l ). 

In this paper we analyse 83 weak emission-line quasars, 
however, in Fig. [2] only 76 of them have C IV emission- 
line strong enough to determine their Lsoi/iEdd (see Ta- 
ble [2]). The EW of the remaining WLQs are lower than ~3 
to 7 A for sources with stronger or weaker UV fluxes, re- 
spectively. It is worth noting that one object of the BQS 
lie in the region dominated by WLQ. This is the radio- 
quiet quasar ( PC 0043-H039, z = 0.384) with EW(C IV) 
= 5.4 ± 3.7 A (jBaskin fc Laoijl2004h . Its H/3 emission-line is 
strong with EW = 92 A, whereas, O [HI] A5007 and He II 
A4686 are weak, with EW s equal to 1 and A, respectively 
(jBoroson fc Greenlll992h . 

On the contrary to PC 0043-1-039 several (17 from 76) 
WLQs have large equivalent widths of C IV line and be- 
have like normal Type 1 quasars. Their median distance 
from the Baskin fc Laor's linear fit is only 2.3a when for 
"genuine" WLQs is l arger (> 7a). We must mention, that 
IShemmer et all (|2009[ l decide d to use EW(C IV) < 10 A as a 
hallmark of WLQs. However, iDiamond-Stanic et al.l (|2009f ) 
decided to use EW of Lya-|-N V blend as those lines are bet- 
ter seen in distant weak line quasars. Therefore, we kept this 
definition (i.e. EW(Lya-|-N V) < 15.4 A) as a rule for our 
study. We suggest that the weakness of the EW(Lya-|-N V) 
in the sources with prominent C IV emission-lines is caused 
by strong absorption of the Ly« region and that they are, 
in fact, normal quasars. 

The best linear fit to BQS quasars sample (seen in 
Fig. [2]) suggests that WLQs follow a different relation- 
ship than normal quasars between EW and the accretion 
ratio. The errors of those quantities for WLQ are large 
and, unfortunately, we cannot fit a correlation to them. How- 
ever, in order to statistically quantify the hypothesis about 
different relations we compare the reduced chi-squares, x^, 
in BQS' and WLQ's cases. We divide our WLQ objects into 
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Figure 2. Equivalent width of C IV measured at the rest frame 
plotted against accre tion ratio. Filled blue squares show 81 BQS 
quasars analysed by iBaskin fc Laorl | |2004| ) . Filled red tr i angles 
an d upper limits refer to 7 6 WL Qs taken from lShen et al] bOllh 
or iDiamond-Stanic et alj ||2009| ) . Points with error bars refer to 
objects with a significance of EW higher than 5a. Otherwise, 
upper li mits are shown. Dashed line is the best linear fit to BQS 
quasars jBaskin fc LaoI^l2004l2005^ . 



Figure 3. Rest frame equivalent width of C IV emission-line ver- 
sus spectral index ctox ■ Solid blue and open cyan squares refers to 
Type 1 non-BAL and BAL quasars, respectively. Tho se 155 radio- 
quiet and radio-intermediate sources are taken from lGreen et al] 
l|2009|) paper. Solid red triangles and upper limits show 12 WLQ 
objects. Star de notes NLSl PHL 1811. Solid line is the relation- 
ship obtained bvlwiT et al Typical error of non-BAL and 
BAL QSOs is shown in the legend. 



two subsets. The first one consists of all 76 weak emission- 
line quasars. In the second case we exclude all the upper 
Hmits on EW(C IV) from our subset. We also assume that 
that the obtained fit parameters for normal quasars are also 
the same for WLQs. The estimated reduced chi-square is 
27.7 in the case of BQS quasars. That value is significantly 
larger than 1. However, we must notice that there is a large 
spread in distribution of normal quasars around the linear 
fit. If we assume that a natural spread is less than 9 A and 
we calculate the fit avoiding outliers than the reduced chi- 
squares decreases to ~ 1.3. The estimated for WLQs are 
~ 1000 including and ~ 2100 excluding upper limits on EW, 
respectively. The obtained values corroborate the hypothesis 
about difference in relationships. 

We must keep in mind, that I/Boi/iEdd values are cal- 
culated using the method based on the luminosity- Mbh re- 
lation, i.e. I/Boi/iEdd oc FWHM(C IV) In many cases, 
the emission-lines in WLQ objects are broad and their 
FWHM equals to a fe w tho usand km s~^ (see M g II in 
iHrvniewicz et al.ll20ld . H/3 in lShemmer et al.ll20ld or C IV 
in lShen et aLllioill ). Nevertheless, for weak C IV line (e.g. 
EW < a few A) the FWHM value is underestimated thus 
Lsoi/LEdd ratio is overestimated. 

The existence of normal accretion r ates i n WLQs was 
discussed recently by IHrvniewicz et al] (|2010l ) . They have 
argued that when the Eddington ratio increases the width 
of LyQ, Mg II lines decreases, C IV emission decreases, 
however, the Si IV line should become stronger, and the 
UV Fe II emission decreases. As the last two behaviours 



are not observed i n WL Q (see e.g. ISchneider et al.ir2010[ f^. 
IHrvniewicz et akl (|2010l l claimed that the weakness of the 
emission-lines in WLQs is not caused by high I/Boi/iEdd. 

So far, no observations of the FUV spectra of WLQs 
were made. Therefore, we analysed Qqx which can shed 
light on the shapes of the SED in the FUV/soft X-ray 
band (Fig. [3]). Apart from the spectral indices for WLQs 
we analyzed together with them 155 normal quasars. Their 
Oox valu es were taken from the Chandra Multiwavelength 
Project jCreen et all 120091 '). We cross-corellated this cata- 
logue with SDSS DR7 Quasar Catalogue (jShen et al.ll201ll ) 
to obtain the EW(C IV) of qua sars. The solid lin e in Fig. [3] 
represents the best fit made bv lWu et al.l (|2009l ). We must 
notice that this linear fit was made to another sample of 
quasars, however, it fits very well to our sample of normal 
quasars. Our study clearly shows that Qqx values in weak 
emission-line quasars span the same region as seen in non- 
BAL and BAL QSOs. It points out that the UV/soft X- 
ray SED of WLQs is similar to those seen in normal AGNs 
and proves that a soft ionizing continuum is not the rea- 
son for the weakness of the lines. That situation is found 
in PHL 1811 which is NLSl galaxy with super-Eddington 
rate (I/Boi/I/E dd^ 0.9-1.6) and ste ep ionizing continuum 
(qox = -2.3) (|Leighlv et all l2007bl ). Therefore , PHL 1811 
follows the relationship estimated bv lWu et all (|2009l ). 



^ http://www.sdss.org/dr7/ 
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4 DISCUSSION 

The WLQs are shifted verticaUy in the log EW(C IV)- 
logLBoi/^Edd plane relative to normal quasars (Fig.[2|). This 
offset and the fact that QSOs and WLQs SED are almost 
the same, indicate that weak emission-line quasars are nor- 
mal AGNs, however, with intrinsically weak C IV emission- 
line. It is also clearly shown that the super-Eddington lu- 
minosities are not required in weak line quasars contrast- 
ing with the idea tha t WLQs are super-Eddington sources 
jLeighlv et al.ll2007bh . Furthermore, the accretion rates in 
WLQs span the same interval as normal quasars (Fig. [2|. 

The SEDs of weak line quasars observed in optical/UV 
band (till ~ 1200 A) does not differ from t he SEDs of normal 
quasars (e.g. iDiamond-Stanic et al .120091 ). However, the far- 
UV (FUV) spectrum of AGNs and their relative quietness 
in the soft X-ray band produce weak emissio n-lines as sup- 
ported by photoionization modeling (see e.g. lLeighlvll2004l : 
iLeighlv fc CasebeeillioOTl . for review). Due to the absent of 
the far-UV spectra of WLQs we analysed the X-ray to op- 
tical luminosity ratio Qox of differ ent quasars (Fi g. [3l). S im- 
ilar analysis wa s carried out by [Richards etall (|201ll ') or 
IWu et all (|201lh (see their figure 9 or figure 6, respectively). 
We focus on weak emission-line quasars and enlarged our 
sample by adding objects with log EW(C IV) < 0.6. Our 
analysis indicates that the UV/soft X-ray SED of WLQs is 
similar to those of normal AGNs and a soft ionizing contin- 
uum is not the reason for the weakness of the lines. 

The intensity of an emission-line depends on the flux 
of ionizing continuum, Lionise, and on the BL R gas coverin 
factor, Q/4tv: L(line) ~ Lionise x Q/An (see iFerlandl 1200 
and his discussion for He II A1640). The spectral index, aox, 
measures by deflnition the ratio of the luminosities at 2 keV 
and at 2500A. If we assume that L^(2500A) is roughly equal 
to L„(1450A) and assuming that I/^(2keV) ~ Lionise , we can 
write Oox ~ log Lionise — log Z/y(1450A). We can then express 
the line equivalent width as; 



log EW(line) 



+ 11 , Oox 

const I + log 1 

47r const2 



The co rrelation EW(C IV)-iaox obtained for normal quasars 
by e.g IWu et all |200i) infers that the gas covering factor 
in BLR in Type 1 quasars is relatively constant. The gas 
covering factor in WLQ objects behaves differently (Fig. [3]), 
suggesting that fiwLQ is > 10 times smaller than in QSOs. 

Table [1] compares the emission-line intensity ratios ob- 
served in Seyfert 1.5 galaxy NGC 5548, normal quasars, 
and WLQs. We focus on 59 'real WLQs', i.e. our selected 
subsample which consists of sources with EW(C IV) < 20 
A and EW(LyQ) < 15.4 A (see Column (7) of Table [J). 
We take into account line intensities produced by high- 
ionization lines (HILs; such as Lya, C IV), intermediate- 
ionization lines (IILs; e.g. C HI]), and low-ionization lines 
(LILs; such as Mg II, H /3). The C IV/Lya intensity ratio 
for different sources are the same from a statistical point 
of view. The ratio of the covering factors of the regions re- 
sponsible for producing C IV and Lya are therefore similar 
in WLQs and QSOs. Comparing low-, intermediate- with 
high-ionization lines we obtain that the ratios of the cover- 
ing factors of HIL/LIL and IIL/LIL are lower in WLQs that 
in normal quasars. Even if for WLQ these ratios are based 
on only few sources. This suggests that the covering factor 
of the BLR is smaller in WLQ. 



This is in agreement with observations of the weak 
H/3 emission-lines in S PSS Jl 14153.34+021 924.3 and SDSS 
J123743.08+630144.9 (|Shemmer et al.ll2010l '). There authors 
have explained the weakness of their emission-lines by a 
deficit of the BLR. The abs ence of BLR in WLQ s have also 
been recently suggested bv iLiu fc Zhand (|201ll ). The exis- 
tence of bright AGNs with dusty tori, but without BLR 
could be understood when an anis otropic radiat ive pressure 
is released from an accretion disc. iLiu fc Zhand stated that 
this is possib le just before the norm al phase of an AGN. 
Additionally, iLeighlv fc Moor^ (|2004f ) suggested based on 
observations of the emission- line profiles of NLSl galaxies 
IRAS 13224-3809 and IH 0707-495 that the high-ionization 
lines are produced in a wind and that the intermediate- and 
low-ionization lines are produced in low-velocity gas associ- 
ated with the accretion disk at the base of the wind. Both 
pictures are consistent with a suggestion that th e regions 
producing emission-lines are developed by winds (|Hawkinsl 
l2004l : lHrvniewicz et allbOlOl '). In that case, when the BLR is 
created its covering factor is lower than estimated in normal 
AGNs. 

There is an observational analogy between weak 
emission-line quasars and the class of "optical dull" AGNs 
(also called XBONGs - "X-ray bright, optically nor- 
mal galaxies"). Their X-ray emission is bright while they 
lack both the broad emission-lines of Typ e 1 AGNs 
and the narrow emission-lines Type 2 AGNs jElvis et al 



1981 : IComastri et al.ll2002l : [Georgantopoulos fc Georgakakis 



20051 ). There are a few hypo thesis trying to answer the latent 



nature of XBONGs (see e.g.lMoran. Fil ippcnko fc Chornock 
20021 : ISevergnini et al.||2003l : lRigbv et aL„2006. : Givano et al 



20071 : iTrump et all 120091 ') . However , none of them (such as 



dilution their spectra by a host galaxy, the low Eddington 
accr etion r ate) c an explain WLQs. 

lElvisI (|2000l ) has proposed an empirically derived struc- 
ture for quasars. He suggests presence of the funnel-shaped 
geometrically thin accretion outflow which contains an high 
ionized gas embedded in the colder BLR clouds. According 
to our paper the low covering factor of the BLR means that 
WLQ has got less clouds in the outflow or equivalently the 
"funnel" wind is geometrically thiner. 

Low covering factor of the BLR in WLQs would have 
additional consequence observed in the infrared (IR) band. 
iGaskell. Klimek fc Nazaroval (|2007l ) have argued that the 
covering factors of the BLR and of the dusty torus have 
to be the same. It means that a small BLR in WLQs causes 
an evaporation o f dust in the torus a n d a r eduction of 
its IR emissivity. iDiamond-Stanic et al.l (|2009l ) mentioned 
that two weak line quasars SDSS J140850.9H-020522.7 
(with EW(C IV) = 1.95 A) and SDSS J144231. 72+011055. 2 
(with EW(C IV) = 16.9 A) are fainter in the IR (~ 
24^m) band by 30-40%. Additionally, the IR flux density 
of SDSS J130216. 13+003032.1 (EW(C IV) = 27.8 A) is also 
relatively low. More IR observations of WLQs are required 
to conflrm this hypothesis. 



5 CONCLUSIONS 

We have explored the Baldwin effect (BEff) in 82 high- 
redshift (z > 2.2) and 2 intermediate-redshift weak-line 
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Table 1. Arithmetic means and standard deviations of the emission-Une intensity ratios. All observed line fluxes were dereddened for 
the Milky Way contamination. 



Ratio 


NGC5548 


PG QSO 


non-BAL QSO 


BAL QSO 


WLQ(all) 


WLQ(sub) 


(1) 


(2a) 


(2b) 


(3) 


(4) 


(5) 


(6) 


(7) 


C IV/Ly a 


1.45 


0.94 


0.46 ±0.14 






1.62 ± 1.57 


0.59 ± 0.42" 


C IV/Mg II 


5.80 


4.98 


4.38 ± 1.54 


3.36 ± 1.47 


3.03 ± 1.34 




0.44 ±0.21* 


C III]{A1909)/Mg II 


1.07 


0.91 


0.99 ±0.20 








0.16 ±0.02= 


Ly a/R /3 


8.57 




11.75 ±3.25 








1.81 ±0.17'^ 



Column (1) refers the names of intensity ratios. In the case of Seyfert 1.5 galaxy NGC 554 8 those values are shown in Column (2a) and 
(2b). In Column (2a) the Lya C IV . and C III] fluxes are taken fromlKorista et al.l lll995^ . the Mg II flux from 

iGaskell. Klimek &: Nazaroval | |2007|) . and the H/ 3 flux from[Wa ndcrs fc ^etersonTiligOa ) . The ratios in Column (2b) are calculated from 
corrected for narro w-line fluxes and taken from lKorista &: Goa d (2000). Column (3) refers to sample of 18 radio quiet PG quasars 
llShang et ahlbOOTl ). Values of intensity ratio of radio-quiet and radio-intermediate 97 non-BAL and 14 BAL quas ars are shown in 
Colu mns (4) and (5), re spectively. Those sources was selected after cross-matching SDSS DR7 Quasar Catalogue {Shen^taLlIioiJ) 
with [Green et al.l b009l) sample. This sample is consistent with sample used in the Fig. \3\ In Column (6) we calculate mean ratio for all 
WLQs which show weak or strong C IV lines. Column (7) refers to subsample of WLQs, for which EW(C IV) < 20 A and EW(Lya) 
< 15.4 A. The superscripts in this column correspond to the following information: " mean is calculated from 59 WLQs, ^ mean from 
SDSS J094534 and SDSS J170109, " value only for SDSS J094534, mean from SPS S J114153.34+021 924.3 and 
SDSS J123743.08+630144.9. Data for intensity of C IV line in WLQs are t aken from|Shen et al.l boill) . for Lya from 
iDiamond-Stanic et al. I ||2009|V for C ly /Mg II, and C III]/Mg II ratios fromlHrv niewicz et al. Hrynicwicz et al. (in preparation), 

and for KB from lShemmer et al.l l l2010h . 



quasars (WLQs) and compared them with a set of normal 
quasars. We draw the following conclusions: 

• The relationship between the rest-frame equivalent 
width for C IV emission-line and the Eddington ratio ob- 
served in WLQs has different normalization than for normal 
QSOs. This shift disagrees with t he super-Eddington hy- 
pothesis (e.g. IShemmer et"al]|2010l ). 

• The weakness or even the absence of emission-lines in 
WLQs is likely caused by a low covering factor of the broad 
line region (BLR) rather than by a very soft ionizing contin- 
uum. The comparison of the EW(C IV) and of the spectral 
indices, Qox, shows that the gas covering factor of the BLR 
in WLQs is > 10 times less than for normal QSOs. 

• The ratios of the covering factors of regions responsible 
for producing C IV and Lya are similar in WLQs and QSOs. 

• The ratios of the covering factors f2HiL/f2LiL are lower 
in WLQ than in QSOs showing the deficit of the BLR in 
WLQ. However, this result is based on observations of only 
four sources. 

• The radio-intermediate quasar 
SDSS J170108.89+395443.0 (z = 1.89) is a new 
intermediate-redshifted WLQ with rest-frame EW(C IV) 
= 2.0 9A and EW(Mg II) = 9.4lA, respectively (|Shen et all 

[ml). 

• The definition of WLQ objects should take into account 
not only the weakness of Lya or C IV emission-lines, sepa- 
rately, but both lines together. 'False WLQs' (sources with 
prominent C IV) are probably normal Type 1 quasars with 
intervening Lya absorption. 
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Table 2: The sample of weak emission-line quasars. 



Name 








ZSDSS 


EW(C IV) 

(A) 


ref. 


log A/bh 
(Mo) 




rcf. 


lO: 


g Lbo\/ ^Edd 


SDSS 


010802, 


.90-010946.1 


Q 
O. 
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1 A 


.oyu 
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3. 
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.y84 


13.0 ± 1.2 




10.664 ± 0.055 






-0, 


OOA 

.889 


1 A 

zh U, 


np; p: 
.Uoo 


SDSS 


115933 


.534-054141, 


.6 


Q 
O. 


zeo 


29.1 ± 1.6 


(1) 


9.425 + 0.262 






-0, 


7A1 
. ( 9i 


1 A 

zh U. 


.ZOO 


SDSS 


115959, 


.714-410152, 


.9 


2. 


TOO 

, (88 


8.7+1.1 




10.427 ± 0.063 






-0, 


OAK 

.890 


1 A 

± 0, 


.Udo 


SDSS 


120059, 


.684-400913, 


.1 


Q 
O. 


■ ODD 


72.6 + 0.5 




8.177 + 0.775 






0, 


.040 


1 A 

zh U, 


. { iD 


SDSS 


121221, 


.564-534127, 


.8 


Q 
O. 


AA7 

■Uy (^ 


^ 3.0 






-1.93 


(3) 










SDSS 


121812, 


.394-444544, 


.5 


4. 


K 1 O 
,0l8 


20.4 




10.314 + 0.621 






-1, 


01 a 


1 A 

± 0, 


coo 
.DZZ 


SDSS 


122021, 


.394-092135, 


.8 


4. 


1 1 A 
,iiU 


25.2 ± 1.3 


(1) 


8.971 + 1.429 






0, 


Of; A 
.ZD4 


1 1 

zh i. 


A Qn 


SDSS 


122359, 


.35-f 112800, 


.0 


4. 


1 OA 


s; 37.6 




9.781 + 0.161 






-0, 


CO /I 

.024 


1 A 

± 0, 


.ibo 


SDSS 


122445, 


.264-375921, 


.3 


4. 


OIK 

,31o 


^ 18.9 




9.314 + 1.205 






-0, 


AAA 
.414 


zh i. 


on'7 


SDSS 


123116 


.084-411337, 


.3 


Q 
O. 


Q 

■ ooe 


12.1 




9.732 + 0.458 






-0, 


1 f; 
.SiO 


1 A 

zh U, 


AKQ 

.40o 


SDSS 


123132 


.37-^013814, 


.0 


3. 


OOA 

,22y 


^ 1.9 




9.997 + 0.670 


-1.37 


(3) 


-0, 


7/1 

. (42 


1 A 

± 0, 


.D/U 


SDSS 


123315 


.94+313218, 


.4 


3. 


ooo 
,222 


6.4 + 1.4 


(1) 


9.163 + 1.131 






-0, 


.409 


zh i. 




SDSS 


123540, 


.19+123620, 


.7 


3. 


,215 


51.2 ± 9.5 


(1) 


9.370 + 0.183 






-0, 


.612 


+ 0, 


.183 


SDSS 


123743, 


.08+630144, 


.8 


3. 


,425 


7.7+1.1 


(1) 


8.983 + 0.901 


< -1.55 


(3) 


0, 


.119 


+ 0, 


.901 


SDSS 


124204, 


.28+625712, 


.1 


3. 


,321 


8.6 + 1.5 


(1) 


8.708 + 1.029 






0, 


.079 


+ 1, 


.029 


SDSS 


124745, 


.39+325147, 


.0 


2. 


,249 


^ 4.4 




9.208 + 0.363 






-0, 


.444 


+ 0, 


.364 


SDSS 


125306, 


.73+130604, 


.9 


3. 


,624 


10.8 + 1.5 




9.949 + 0.112 






-0, 


.670 


+ 0, 


.113 


SDSS 


125319, 


.10+454152, 


.8 


3. 


,435 


^ 14.0 




10.139 + 0.492 






-1, 


.397 


+ 0, 


.493 


SDSS 


130216 


.13+003032, 


.1 


4. 


,506 


1.0 


(2) 




-2.08 


(3) 










SDSS 


131429, 


.00+494149, 


.0 


3. 


,813 


13.9 ± 1.1 


(1) 


10.221+0.134 






-1, 


.040 


+ 0, 


.135 


SDSS 


132603 


.00+295758, 


.1 


3. 


,767 


6.0 + 0.5 


(1) 


9.802 ± 0.309 






-0, 


.434 


+ 0, 


.309 


SDSS 


132703, 


.26+341321, 


.7 


2. 


,558 


6.6 + 1.3 




9.512 + 0.562 






-0, 


.609 


+ 0, 


.562 
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Table 2: continued. 



Name 






ZSDSS 


EW(C IV) 

(A) 


ref. 


log Mbh 
(Mo) 




rcf. 


lo 


g Lboi/ L^dd 


SDSS 


133146 


20+483826.5 


3 


742 


20.5 + 3.6 




9.949 + 0.142 






-0 


803 


+ 


142 


SDSS 


133422 


63+475033.5 


4 


950 


«; 6.9 


(2) 




-1.70 


(3) 










SDSS 


134521 


39+281822.2 


4 


082 


17.8 




10.141 + 0.700 






-1 


290 


+ 


701 


SDSS 


140300 


23+432805.4 


4 


696 


^ 25.9 




9.856 ± 0.943 






-0 


768 


+ 


943 


SDSS 


140850 


91+020522.7 


4 


007 


^ 3.2 






-1.54 


(4) 










SDSS 


141209 


96+062406.9 


4 


466 


^ 12.7 




9.859 + 1.217 






-0 


708 


+ 1 


218 


SDSS 


141318 


86+450523.0 


3 


113 


45.0 ± 5.4 




9.095 + 0.095 






-0 


202 


+ 


096 


SDSS 


141657 


93+123431.6 


2 


603 


s; 3.9 




9.159 + 0.793 






-0 


126 


+ 


793 


SDSS 


142103 


83+343332.0 


4 


907 


^ 50.5 




9.841 ± 0.480 


-2.07 


(3) 


-0 


362 


+ 


481 


SDSS 


142144 


98+351315.4 


4 


556 


39.8 + 5.9 




9.884 + 0.351 






-0 


531 


+ 


351 


SDSS 


142257 


67+375807.4 


3 


163 


39.5 + 1.8 


(1) 


9.293 + 0.609 






-0 


560 


+ 


610 


SDSS 


144127 


65+475048.7 


3 


190 


24.9 ± 1.9 




8.598 + 1.069 









466 


+ 1 


069 


SDSS 


144231 


71+011055.3 


4 


507 


22.5 






-1.42 


(4) 










SDSS 


144803 


36+240704.2 


3 


544 


^ 12.5 




9.967 + 0.209 






-0 


905 


+ 


210 


SDSS 


155645 


30+380752.8 


3 


320 


s; 2.4 




8.407 + 1.114 









536 


+ 1 


115 


SDSS 


160336 


64+350824.3 


4 


460 


12.9 ± 2.3 




10.296 + 0.102 






-0 


820 


+ 


102 


SDSS 


161122 


45+414409.5 


3 


131 


19.6 ± 2.4 




9.940 + 0.165 






-0 


829 


+ 


166 


SDSS 


163411 


82+215325.0 


4 


529 


29.3 




10.681 +0.221 






-1 


248 


±0 


221 


SDSS 


170108 


89+395443.0 


1 


889 


s; 3.9 




8.516 + 0.568 


-1.27 


(5) 


-0 


056 


+ 


568 


SDSS 


210216 


52+104906.6 


4 


182 


16.6 ± 1.0 


(1) 


10.126 ± 0.440 






-0 


817 


+ 


441 


SDSS 


214753 


29-073031.3 


3 


153 


6.5 + 0.8 


(1) 


9.786 + 0.638 






-0 


868 


+ 


638 


SDSS 


223827 


17+135432.6 


3 


516 


28.5 ± 3.4 




9.868 + 0.121 






-0 


923 


+ 


122 


SDSS 


225246 


43+142525.8 


4 


904 


18.6 




9.786 + 0.340 






-0 


704 


±0 


341 


SDSS 


233255 


72+141916.3 


4 


754 


45.1 




8.665 + 1.053 









009 


± 1 


055 


SDSS 


233446 


40-090812.2 


3 


317 


10.4+1.2 




10.143 ± 0.110 






-0 


571 


±0 


110 


SDSS 


233939 


48-103539.3 


2 


757 


5.2 




9.837 + 0.525 






-0 


719 


+ 


525 



Colu mn (1) lists the object name. Column (2) shows the redshift taken from the SDSS DR7 Quasar Catalogue (jShen et al.l 
I2OIII ). Columns (3), (5), and (8) list the rest frame equivalent width of C IV emission-line, logarithm of black hole mass, and 
accretion rates in the Eddington units, respectively. Column (6) refers to the X-ray to optical luminosity ratio. The values 
without reference were taken from the SDSS DR7 Quasar Catalogue. A few EW(C IV) and all Oox values were taken from 
articles with references shown in Columns (4) and (7 ). Numbers in parenth eses co rrespond to the f ollow ing refe rences: (1) - 
[piamond-Stanic ot al., (,2009i ). (2) - this paper, (3) - Ishemmer et al'l l|2009l ). (4) - IShemmer et al.l (|2006l l. (5) - iGreen et all 
( 20091 ). 
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